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Universidad Politécnica de Madrid
We address an experimental investigation of evaporation waves. These waves appear when a
liquid contained in a vertical glass tube is suddenly depressurized from a high initial pressure down
to the atmospheric one. The state of the liquid after the release of the pressure, ambient pressure
and the initial temperature, is well known to be metastable when the corresponding stable state
is vapour. For moderately large evaporation rates (moderately large initial to ambient pressure
ratios), the initially flat vapour-liquid interface ultimately evolves into highly corrugated front which
propagates downwards into the liquid with a well defined mean velocity. This mean velocity turns
out to be a function of the ratio between the initial and the ambient pressures. In addition, it has
been found that for lower pressure ratios, the instability is not able to develop an evaporation wave
but nevertheless leads to a somewhat more complex behavior than the simple surface evaporation
as it is shown in the accompanying fluid dynamics video.
I. INTRODUCTION
Moderately large degrees of metastability can
be obtained when a liquid, initially in equilib-
rium with its own vapour in a pressurized cham-
ber, is depressurized rapidly enough. In order to
recover the vapour equilibrium state, two mech-
anisms are known, namely homogeneous and
heterogeneous nucleation. Homogeneous nucle-
ation, however, requires typically degrees of su-
persaturation which are normally not achievable
by standard methods. Thus, the liquid vapor-
ization occurs mostly through some form of het-
erogeneous nucleation. For instance, common
boiling of a liquid occurs assisted by bubbles
which are formed on pores present at the sur-
face of the container. We are interested in the
dynamics when these cavities are appropriately
degassed, so that no bubbles are formed neither
in the bulk liquid neither at walls imperfections.
In this case, when the ratio between the initial
to final pressure is large enough, an evapora-
tion wave can be obtained after the pressure
release. It is turns out that the nucleation of
bubbles takes place only at or close to the in-
terphase between liquid and vapour. The front
of this wave, the interphase, propagates through
the liquid transforming it into vapour at typi-
cal propagation velocities of the order of several
tens of cm/s, this velocity growing with the su-
perheating degree. Usually the front adopts a
highly corrugated appearance as it is made up
of small bubbles continuously growing and col-
lapsing on its surface.
It is well established that Darrieus-Landau in-
stability ([1], [2]) is the main mechanism respon-
sible for the appearance of these waves ([3], [4],
[5]). It occurs whenever a permeable fluid in-
terphase is supporting a large enough net flow
across it with a density decrease streamwise. In
the present case this flow is due to the evapo-
ration of a liquid. The analysis of the stability
problem has been addressed previously by Ples-
set and Prosperetti ([6]) and later by Higuera,
[7].
The experiments shown in the accompanying
fluid dynamics video were all performed using
as container of the fluid a 25 mm diameter and
250 mm length transparent glass tube. The up-
per end of the tube is open, allowing the filling
and the blowdown of the fluid. The lower one
is closed with a half sphere smoothly joined to
the tube. This termination avoids the presence
of sharp corners which could eventually act as
nucleation promoters.
In addition to the evaporation waves, a new
regime has been found. It is encountered for
smaller pressure ratios than those required for
the evaporation waves. Contrary to these lat-
ter, the former are of a nonpropagative char-
acter and, as a consequence, self-extinguishing.
Indeed, vaporization chills the liquid at the in-
terphase, and this, due to convection, chills the
rest of the liquid so to render the still evaporat-
ing planar interphase stable again.
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